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COMET D'ARREST M I S S I O N  I N  1976 

I d e a l  Ve loc i ty  - 
Closing Ve loc i ty  - 

I n t e r c e p t  Date - 
P e r i h e l i o n  Date - 
Communications 

Distance 9 

Spacecraf t  Weight - 
Launch Vehicle - 

- Launch Date 

41,200 f t / s e c  
13 km/sec 
4 / 2 1 / 7 6  
8 / 1 4 / 7 6  
8 / 1 4 / 7 6  

0.17 AU 
500 l b s .  
Atlas Agena 
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SIGHTING AND TRAJECTORY ANALYSIS 
FOR PERIODIC COMETS 1975-1986 

Poss ib l e  i n t e r c e p t  missions t o  55 a p p a r i t i o n s  o f  36 

w e l l  known s h o r t  pe r iod  comets have been analyzed t o  d e l i n e a t e  

those  of p o t e n t i a l  i n t e r e s t  i n  long range planning. Deta i led  

p e r t u r b a t i o n  c a l c u l a t i o n s ,  b a l l i s t i c  t r a j e c t o r y  c a l c u l a t i o n s  

and s i g h t i n g  c a l c u l a t i o n s  were performed f o r  each a p p a r i t i o n  

of  each comet. A mission t o  comet D ' A r r e s t  i n  1976 i s ,  by f a r ,  

our  "best" mission between 1965 and 1986. The D ' A r r e s t  mission 

would launch 4/76 w i t h  AV = 41,200 f t / sec  f o r  a four  month 

f l i g h t  a r r i v i n g  a t  p e r i h e l i o n  when t h e  comet i s  7 t h  magnitude. 

Closing v e l o c i t y  i s  13 km/sec. 

a v a i l a b l e  before  launch. A 1970 D ' A r r e s t  a p p a r i t i o n  i s  avai l -  

a b l e  fo r  pre l iminary  observa t ion ,  and a 1982 a p p a r i t i o n  f o r  a 

follow-on f l i g h t .  

1985 w i t h  CV = 43,000 f t / s e c  f o r  a 7 t o  10 month f l i g h t  

a r r i v i n g ,  when t h e  comet i s  4 t h  o r  5 t h  magnitude, w i th  a c l o s i n g  

v e l o c i t y  of 70 km/sec. Ha l l ey ' s  i s  the  b r i g h t ,  ou ts tanding  

Up t o  s i x  months t r a c k i n g  are 

A mission t o  H a l l e y ' s  comet could  launch i n  

p e r i o d i c  comet. 
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Report No. T - 1 1  

SIGHTING AND TRAJECTORY ANALYSIS 
FOR PERIODIC COMETS: 1975-1986 

1. SUMMARY 

Poss ib l e  i n t e r c e p t  missions t o  55 a p p a r i t i o n s  of  36 

w e l l  known s h o r t  pe r iod  comets have been analyzed,  t o  d e l i n e a t e  

those  of  p o t e n t i a l  i n t e r e s t  i n  long range planning.  This work 

i s  a d i r e c t  ex tens ion  of a previous ASC/IITRI Report ,  No. T-7 

(Narin,  P i e r c e  1964).  De ta i l ed  p e r t u r b a t i o n  c a l c u l a t i o n s  have 

been performed t o  determine t h e  p o s i t i o n s  and 55 p e r i h e l i o n  

d a t e s  of  the 36 comets moving under t h e  in f luence  of  g r a v i t a t i o n a l  

f i e l d s  o f  the Sun and p l a n e t s .  B a l l i s t i c  t r a j e c t o r i e s  t o  t h e  

comets w e r e  then  c a l c u l a t e d  t o  determine i d e a l  v e l o c i t y ,  t i m e  

o f  f l i g h t ,  c l o s i n g  v e l o c i t y  and communications d i s t a n c e  as a 

f u n c t i o n  of launch d a t e  S ight ing  c a l c u l a t i o n s  (which are  ve ry  

approximate due t o  u n c e r t a i n t i e s  i n  comet b r igh tness )  were per-  

formed t o  determine t h e  expected b r igh tness  of  t h e  comets and 

the number of hours  the comet might be v i s i b l e  i n  the n i g h t  sky. 

The 55 a p p a r i t i o n s  were then  divided i n t o  three classes:  

Class I : Missions o f  Primary I n t e r e s t  
(3  a p p a r i t i o n s )  

Class I1 : Missions of  Secondary I n t e r e s t  
( 7  a p p a r i t i o n s )  

I I T  R E S E A R C H  I N S T I T U T E  
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Class 111: Missions of Low I n t e r e s t  
(45 a p p a r i t i o n s )  

I n  o r d e r  t o  be considered as e i t h e r  Class  1 o r  I1 a comet had t o  

1) be v i s i b l e  and a t  l e a s t  as b r i g h t  a s  magnitude 1 2  
a t  i n t e r c e p t  (magnitude 1 2  i s  an approximate lower 
l i m i t  f o r  spec t roscopic  measurements from E a r t h ) .  

2) be recoverable  two months before  launch,  t h a t  i s ,  
of  b r igh tness  a t  least magnitude 20 and v i s i b l e  
a t  l e a s t  one hour per  day from some l a t i t u d e  of  
Ea r th .  
l i m i t  f o r  comet d e t e c t i o n  w i t h  c u r r e n t  techniques . )  

(Magnitude 20 i s  an approximate lower 

The most important  f a c t o r  i n  e l i m i n a t i n g  miss ions  from 

Class I o r  I1 i s  t h e  b r i g h t n e s s  c a l c u l a t i o n ,  s i n c e  most p e r i o d i c  

comets are f a i n t e r  fhan magnitude 1 2 ,  The d i v i s i o n  o f  t h e  10 

Class I and I1 comets i n t o  3 bes t  and 7 secondary i s  c l e a r l y  

somewhat s u b j e c t i v e ,  bu t  i s  based on t r a j e c t o r y  and s i g h t i n g  

d a t a  and on b r i e f  cons ide ra t ions  of  t h e  s c i e n t i f i c  d a t a  avail-  

a b l e  f o r  each s p e c i f i c  comet,, With t h i s  Last comment i n  mind, 

we  may l i s t  t h e  fol lowing 3 "best" o p p o r t u n i t i e s  i n  chronologi-  

c a l  o r d e r .  

launch windows. 

The AV va lues  are i d e a l  v e l o c i t i e s  f o r  30 day 

D A r r  e s t The "best" mission between 1965 and 1986. 
Launch 4/76 wi th  AV = 41,200 f t / sec  f o r  a 
four  month f l i g h t  a r r i v i n g  a t  p e r i h e l i o n  when 
t h e  comet i s  7th magnitude., Closing v e l o c i t y  
i s  13 km/sec. 
a b l e  before  launch. There i s  a 1970 a p p a r i t i o n  
f o r  pre l iminary  obse rva t ion ,  and a 1982 
a p p a r i t i o n  f o r  a follow-on f l i g h t  

(1976) 

Up t o  6 months t r a c k i n g  i s  a v a i l -  

l l T  R E S E A R C H  I N S T I T U T E  
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Kopf f 
(1983) 

Hal ley  
(1986) 

Launch 3/83 with AV = 43,000 f t / s e c  f o r  a 
6 month f l i g h t  a r r i v i n g  two weeks a f t e r  
p e r i h e l i o n ,  when t h e  comet i s  12th magnitude. 
Closing v e l o c i t y  i s  8-9 km/sec; thLs low 
c l o s i n g  v e l o c i t y  i s  t h e  main reason f o r  
Kopff being Class I r a t h e r  than Class 11, 

cons ide r  a rendezvous miss ion .  Four o r  
f i v e  months t r ack ing  a v a i l a b l e  before  launch. 

s i n c e  ? ” -  -!, - ?OfSF:-. - :  - 15 

Launch 7/85 with A V  = 42,500 f t / s e c  f o r  a 
7 month f l i g h t  a r r i v i n g  6 weeks a f t e r  p e r i -  
h e l i o n ,  when the  comet i s  .jth magnitude. 
Closing v e l o c i t y  i s  70 km/sec. Up t o  9 
months t r ack ing  a v a i l a b l e  before  launch. 
Hal ley  i s  t h e  b r i g h t ,  ou t s t and ing  p e r i o d i c  
comet; t h e  high c l o s i n g  v e l o c i t y  might com- 
p l i c a t e  t h e  mission somewhat. 

2 .  GENERAL DISCUSSION 

For long range planning purposes ,  i t  i s  of i n t e r e s t  t o  

know which comets a r e  a c c e s s i b l e  and a t t r a c t i v e  f o r  e x p l o r a t o r y  

miss ions  i n  t h e  next  twenty years, This  r e p o r t  i s  t h e  f o u r t h  

i n  a ser ies  of seven Astro Sciences Center r e p o r t s  on t h e  comets; 

t h e  f i r s t  two were a d i s c u s s i o n  of t h e  s c i e n t i f i c  o b j e c t i v e s  of  

miss ions  t o  t h e  comets (Roberts 1964a) and a compendium of d a t a  

on p e r i o d i c  comets (Roberts  1964b); t h e  t h i r d  (Narin and P i e r c e  

1964) d i scussed  p e r t u r b a t i o n s ,  s i g h t i n g  and t r a j e c t o r i e s  f o r  

1965-1975 comets; t h e  f i f t h  r e p o r t  w i l l  survey comet missions 

(Roberts  1965); t h e  s i x t h  w i l l  d i s cuss  missions t o  new comets, 

and t h e  seventh  w i l l  summarize the ASC work on t h e  comets. 

I I T  R E S E A R C H  I N S T I T U T E  
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Since  t h e  comets are b r i g h t e s t  and mast act ive near  

p e r i h e l i o n ,  t h i s  s tudy  considered a l l  s h o r t  pe r iod  comets which 

have w e l l  known o r b i t s  and which have p e r i h e l i o n  between January 

1975 and May 1986 @ a l l e y ' s  pe r ihe l ion ) ,  Table  3,  page 16, 

shows t h e  36 cornets cons idered  and t h e i r  55 p e r i h e l i o n  da te s .  

Because of  (1) i naccurac i e s  i n  t h e  comet o r b i t a l  ele- 

ments,  (2) i nexac tness  i n  c a l c u l a t i n g  t h e  pe r tu rb ing  effects  of 

t h e  p l a n e t s  on comet o r b i t s ,  and ( 3 )  s e c u l a r  (non-g rav i t a t iona l )  

a c c e l e r a t i o n s  of  t h e  comets, the  o r b i t s  of t h e  comets are no t  

w e l l  enough known t o  cons ide r  launching t o  a comet wi thou t  

o p t i c a l l y  reeover ing  and t r ack ing  t h e  comet be fo re  launch., I n  

o rde r  t o  p r e d i c t  t h e  f u t u r e  pos i t i ons  of t h e  comets as accur-  

a t e l y  as p o s s i b l e ,  d e t a i l e d  Pe r tu rba t ion  c a l c u l a t i o n s  must be 

e a r r i e d  ou t  f o r  each comet. The la tes t  publ i shed  d a t a  i n  t h e  

B r i t i s h  Astronomical Assoc ia t ion  Handbooks (BAAH) o r  i n  P o r t e r ' s  

Catalogue (Por t e r  1961) were used as i n i t i a l  d a t a  f o r  pe r tu r -  

ba t ion  c a l c u l a t i o n s .  The Lewis  Research Center NBODY code f o r  

t h e  LBM 7094 computer w a s  used t o  carrv ou t  t h e  p e r t u r b a t i o n  

c a l c u l a t i o n ;  t h i s  code ca l cu la t ed  t h e  p o s i t i o n s  of t h e  comets 

moving under t h e  in f luence  of  the  g r a v i t a t i o n a l  f i e l d s  of  t h e  

Sun and t h e  p l a n e t s  Mercury through Urancs, 

r e f e r r e d  t o  ASC/IITRI, Report T-7 for d e t a i l s  of t h e  p e r t u r b a t i o n  

c a l c u l a t i o n  and f o r  o s c u l a t i n g  o r b i t a l  elements f o r  all, t h e  

comets cons idered .  A f e w  pe r tu rba t ion  c a l c u l a t i o n s  performed 

subsequent  t o  Report T-7 a r e  included i n  t h i s  r e p o r t  as 

S e c t i o n  7.  

The r eade r  i s  
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Once the  comet 's  o r b i t a l  elements were determined by 

means of  t h e  p e r t u r b a t i o n  c a l c u l a t i o n ,  t h e  A S C / I I T R I  Conic 

Sec t ion  T r a j e c t o r y  system f o r  the IBM 7094 ( P i e r c e ,  Narin 1964) 

was used t o  c a l c u l a t e  b a l l i s t i c  t r a j e c t o r i e s  from Ear th  t o  each 

comet. The c a l c u l a t i o n s  y i e l d  i d e a l  v e l o c i t y  AV, communications 

d i s t a n c e  RC, time of f l i g h t  TF, c l o s i n g  v e l o c i t y  VHP and launch 

and a r r i v a l  d a t e s ,  F l i g h t  times of  up t o  400 days were con- 

s i d e r e d .  I n  o rde r  t o  be considered i n t e r e s t i n g , a  f l i g h t  had t o  

arr ive a t  t h e  comet w i t h i n  a few months of p e r i h e l i o n ,  when t h e  

comet w a s  magnitude 1 2  o r  b r i g h t e r ,  A'l1 of t h e  i n t e r e s t i n g  

comets have AV requirements  o f  l e s s  than 50,000 f t / s e c .  Report 

T-7 desc r ibes  t h e  t r a j e c t o r y  ca l cu la t ions  i n  more d e t a i l .  The 

r e su l t s  a r e  conta ined  i n  Tables 1 t o  3 and Figures  1 t o  55. 

The l a s t  major s t a g e  i n  the  computation was s i g h t i n g  

c a l c u l a t i o n s .  Since most of t h e  s h o r t  pe r iod  comets are r e l a -  

t i v e l y  dim, t h e  problems o f  d e t e c t i n g  them are o f t e n  formidable ,  

Furthermore t h e  b r igh tness  of most comets i s  poor ly  known. The 

ground r u l e s  used i n  t h e  s tudy were t h a t  t h e  comet should be 

v i s i b l e  two months be fo re  launch, a t  launch, and a t  i n t e r c e p t .  

By v i s i b l e  i t  i s  meant t h a t  t he  comet i s  above t h e  hor izon  i n  

t h e  n i g h t  sky f o r  a t  l e a s t  one hour from some l a t i t u d e  on Earth 

and a t  least  a s  b r i g h t  a s  magnitude 20. These computations were 

performed on t h e  IBM 7094 us ing  a s p e c i a l l y  w r i t t e n  code SIGHT. 

Since t h e  a v a i l a b l e  d a t a  on comet b r i g h t n e s s  are very  approximate 

some judgment w a s  used i n  i n t e r p r e t i n g  t h e  c a l c u l a t i n g  s i g h t i n g  

data.  The d a t a  used i n  t h e  br ightness  c a l c u l a t i o n  i s  shown i n  
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Table 4 .  

The most important e f f e c t s  of t h e  s i g h t i n g  c a l c u l a t i o n  

are t o  seve re ly  l i m i t  t h e  i n t e r e s t  i n  a mission i f  t h e  comet i s  

f a i n t e r  than 12th magnitude (an approximate l i m i t  f o r  spec t ro-  

scopic  measurement from Ear th)  and t o  r a i s e  t h e  AV necessary  

t o  i n t e r c e p t  a comet (because launch must occur a f te r  recovery 

of  t h e  comet). The magnitude 1 2  l i m i t  i s  p laced  on t h e  comet 

b r i g h t n e s s  so  t h a t  t h e  d a t a  taken a t  the comet can be compared 

w i t h  simultaneous spec t roscop ic  measurements from Ear th .  

A s  a l a s t  s t e p  an a t t e m p t  w a s  made t o  choose from t h e  

t r a j e c t o r y  d a t a ,  t h e  s i g h t i n g  da ta ,  and ASC/IITRI s t u d i e s  of  t h e  

s c i e n t i f i c  i n t e r e s t  o f  the comets (Roberts 1364a, 1364b) which 

comets are most a t t r ac t ive  f o r  explora tory  miss ions .  Fo r tuna te ly ,  

t h e  s c i e n t i f i c a l l y  i n t e r e s t i n g  comets  are t h e  r e l a t i v e l y  b r i g h t  

and ac t ive  comets which t end  t o  b e  easy  comets t o  i n t e r c e p t .  

However the f i n a l  s y n t h e s i s  of t r a j e c t o r y ,  s i g h t i n g  and s c i e n t i f i c  

d a t a  i n t o  an o rde r ing  of comet missions i s  a somewhat s u b j e c t i v e  

procedure.  

Before i n t e r p r e t i n g  the d a t a  p re sen ted  i n  the t a b l e s  a 

number o f  p o i n t s  should be kep t  i n  mind; t h e s e  p o i n t s  are  d i s -  

cussed  f u r t h e r  i n  t h e  o t h e r  ASC/SITRI comet r e p o r t s .  

1) A most c r i t i c a l  f a c t o r  i n  i n t e r c e p t i n g  a comet i s  
t h e  accuracy w i t h  which t h e  comet o r b i t a l  elements 
are known. A m i s s  d i s t ance  of 10,000 k m  from t h e  
nucleus would probably occur i f  t h e  comet probe 
does not  c a r r y  on-board comet a c q u i s i t i o n  and 
t e rmina l  guidance c a p a b i l i t y .  Since comet nucleus 
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diame t e r  s r e  t y p i c a l l y  1-10 km, and coma diameters  
20,000-2,000,000 km (Roberts 1964a) a probe wi thout  
t e rmina l  a c q u i s i t i o n  and guidance w i l l  probably t ra-  
vercc! the  coma bu t  be l i m i t e d  i n  i t s  examination 
o f  the nucleus.  

It would be h i g h l y  d e s i r a b l e  t o  make spec t roscop ic  
measurements from Ear th  as t h e  s p a c e c r a f t  i n t e r -  
sects  t h e  comet. This impl ies  t h e  comet must be 
of magnitude less  than approximately 1 2  a t  i n t e r -  
c e p t  - 
The b r igh tness  of the comets i s  not  w e l l  known, 
and changes from a p p a r i t i o n  t o  a p p a r i t i o n ;  the 
b r igh tness  formulas a r e  o f t e n  i n  e r r o r  by a f e w  
magnitudes Thus a l l  magnitude f i g u r e s  given are 
ve ry  approximate,  The t y p i c a l ,  s m a l l  d iminut ion 
of  comet a b s o l u t e  b r igh tness  from a p p a r i t i o n  t o  
a p p a r i t i o n ,  t y p i c a l l y  less than a magnitude p e r  
a p p a r i t i o n ,  has been ignored ,  

3 ,  RESULTS 

3 - 1  
Table)  

Table 1 i s  a chronologica l  summary t a b l e  of  t h e  missions 

o f  primary i n t e r e s t .  AV i n  the second cokumn i s  the i d e a l  

v e l o c i t y  s u f f i c i e n t  f o r  launch any t i m e  w i t h i n  a 30 day launch 

window, and TF i s  t h e  t i m e  o f  f l i g h t  range f o r  t h e  window. 

Note tha t  the launch window i s  determined by s i g h t i n g ,  as w e l l  

as t r a j e c t o r y  c o n s i d e r a t i o n s ,  Normally t h e  f i r s t  f l i g h t  t akes  

the l o n g e s t  t i m e ;  t hus  the launch o€ 4 /21 /76  f o r  D ' A r r e s t  has 

a f l i g h t  t i m e  o f  115 days,  and arrives a t  p e r i h e l i o n ,  The 
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a r r i v a l  d a t e  o f  a f l i g h t  launched a t  t h e  beginning of t h e  launch 

window i s  given i n  t h e  t h i r d  column, t h e  s p a c e c r a f t  t o  comet 

c l o s i n g  v e l o c i t y  VHP i s  a l s o  given as i s  t h e  Ea r th  t o  comet 

communications d i s t a n c e  RC a t  time of  i n t e r c e p t .  

The magnitude d a t a  given i n  t h e  s i g h t i n g  d a t a  summary, 

columns 4 and 5 ,  are approximate and m u s t  be used as an i n d i -  

c a t i o n  of  the b r i g h t n e s s  r a t h e r  than as an exac t  f i g u r e .  

Column 4 gives  t h e  expected comet magnitude 60 days before  

launch, and t h e  number of hours the  comet would be above t h e  

hor izon  i n  t h e  n i g h t  sky f o r  an  observer  a t  Ea r th  l a t i t u d e s  

+ 25" and - 25". Column 5 g ives  t h e  corresponding da ta  f o r  t h e  

comet a t  i n t e r c e p t .  The l a s t  column g ives  somegeneral  comments 

on t h e  p a r t i c u l a r  mission.  

c u l a t i o n  i s  included as Table 4 ,  

The da ta  used f o r  t h e  magnitude c a l -  

Of t h e  3 Class I o p p o r t u n i t i e s  i n  1975-1986 t h e  f i r s t ,  

t o  D ' A r r e s t ,  i s  ve ry  a t t r a c t i v e  s ince  D ' A r r e s t  i s  a b r i g h t  comet 

of reasonable  s c i e n t i f i c  i n t e r e s t ,  f o r  which t h e  recovery and 

s i g h t i n g  are e x c e l l e n t .  It would probably be p o s s i b l e  t o  re- 

cover  D'Arrest by 12/1/75, f i v e  months before  launch; t h e  e x t r a  

three months of t r a c k i n g ,  over the  chosen minimum of two months, 

could  g r e a t l y  c o n t r i b u t e  t o  probable mission success .  

somewhat f a i n t ;  however, t h e  low c l o s i n g  v e l o c i t y  i s  an asset ,  

H a l l e y ' s ,  of cour se ,  i s  t h e  b r i g h t ,  ou t s t and ing  p e r i o d i c  comet; 

i t  i s  w e l l  known and s c i e n t i f i c a l l y  i n t e r e s t i n g .  

Kopff i s  
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3 . 2  Missions of  Secondary In t e re s t  (Chronological  Summary 
Table) 

Table 2 i s  a chronologica l  summary t a b l e  of missions of  

secondary i n t e r e s t ;  i t s  form i s  i d e n t i c a l  t o  t h a t  of Table 1. 

3 . 3  A l l  Missions (Alphabet ical  Summary Table)  

Table 3 i s  a l i s t i n g  of a l l  p e r i h e l i a ;  i f  the comet does 

no t  a t t a i n  magnitude 1 2  o r  b r i g h t e r  i t  i s  desc r ibed  as of  low 

i n t e r e s t  i n  t h i s  t a b l e ;  i f  i t  i s  magnitude 1 2  o r  b r i g h t e r  i t  i s  

descr ibed  i n  more d e t a i l  i n  Tables 1 and 2 ,  

4 .  CONCLUSIONS 

The f i r s t  conclus ion  i s  that D'Arrest  i n  1976, i s  an 

ou t s t and ing ,  a t t r ac t ive  opportuni ty .  It appears  t o  be t h e  b e s t  

mission between 1965 and 1986. 

o f  g r e a t  i n t e r e s t ,  a l though t h e  mission might be complicated by 

the h i g h  c l o s i n g  v e l o c i t y .  A mission t o  Kopff i n  1983 i s  i n t e r -  

e s t i n g  because the r e l a t i v e l y  low c l o s i n g  v e l o c i t y  of 8 t o  9 

km/sec a l lows  a rendezvous mission t o  be considered.  

Ha l l ey ' s  comet i n  1986 i s  a l s o  

A second conclusion i s  t h a t ,  t o  i n t e r p r e t  the t r a j e c t o r y  

and s i g h t i n g  d a t a ,  c a r e f u l  cons ide ra t ion  must be given t o  each ap- 

parkion of each comet on an ind iv idua l  b a s i s ;  fur thermore t h e  

p o s s i b l e  s c i e n t i f i c  va lue  o f  the missions can and should be a 

s t r o n g  i n f l u e n c e  on the f i n a l  assessment of any p a r t i c u l a r  

miss ion  p r i o r i t y .  

There are two p o s s i b l e  extensions of  t h i s  s tudy:  

1) 
2)  Inc lus ion  of new cornets, 

Inc lus ion  of o t h e r  pe r iod ic  comets. 
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The i n c l u s i o n  of  o t h e r  pe r iod ic  comets i s  d i f f i c u l t ,  

s i n c e  t h i s  s tudy  attempted t o  inc lude  a l l  the w e l l  known comets; 

t h e  u n c e r t a i n t i e s  i n  o r b i t a l  elements and b r igh tness  f o r  o t h e r  

p e r i o d i c  comets are u s u a l l y  so g r e a t  as t o  prec lude  d e t a i l e d  

p e r t u r b a t i o n ,  s i g h t i n g  and t r a j e c t o r y  c a l c u l a t i o n s ,  

The p o s s i b l e  i n c l u s i o n  of new comets i s  a somewhat 

d i f f e r e n t  s tudy.  The new comets are p a r t i c u l a r l y  i n t e r e s t i n g  

i n  t ha t  they are o f t e n  b r i g h t  and ac t ive ;  however, s i n c e  they  

cannot be p r e d i c t e d  i n  advance any mission t o  a new comet i m -  

p l i e s  a p r e - b u i l t  s p a c e c r a f t  and v e h i c l e ,  on the s h e l f ,  w a i t i n g  

f o r  d i scovery  of the comet. 

decades t o  a s c e r t a i n  i f  t h e r e  would have been any f e a s i b l e  

We a r e  now surveying the l a s t  few 

missions t o  new comets. 

5 .  REFERENCES 

Marsden, B. G.  P r i v a t e  communication, 1965. 

Narin,  F .  and P i e r c e ,  P. "Pe r tu rba t ion ,  S ight ing  
and T r a j e c t o r y  Analysis f o r  Pe r iod ic  Comets: 1965- 
1975", ASC/IITRI Report No. T-7 ,  1964, NASA 
Contract  No. NASr-65(06), ( i n  p u b l i c a t i o n )  
P i e r c e ,  P.  and Narin,  F. 11 Accuracy and C a p a b i l i t i e s  
of the ASC/IITRI Conic Sec t ion  T r a j e c t o r y  System", 
ASC/IITRI Report No. T-5, 1964, NASA Cont rac t  No. 
NASr-65(06), STAR No. N64-19603, 

Equinox 1950.0", B r i t i s h  Astronomical Assoc ia t ion ,  
1961. 

P o r t e r ,  J. G o  I 1  Catalogue o f  Cometary O r b i t s ,  

Roberts ,  D .  Le "The S c i e n t i f i c  Objec t ives  of Deep 
Space I n v e s t i g a t i o n s  - Comets", ASC/IITRI Report 
No. P-3, 1964a, NASA Contract No. NASr-65(06), STAR N64-15969. 

Roberts ,  D. L. "A Compendium of  Data on Some 
Pe r iod ic  Cornets", ASC/IITRI Report No. P-9, 1964b, 
NASA Contract  No. NASr-65(06) ., 

I I T  R E S E A R C H  I N S T I T U T E  

10 



6 ,  

a 

e 

i 

4 

RC 

T 

TF 

TP 
VHL 

VHP 

AV 

Roberts ,  Do L o  "A Survey of  Comet Missions", 
A S C / I I T R I  Report No. M - 7 ,  1965, NASA Contract  
No, NASr-65(06), ( i n  p u b l i c a t i o n ) ,  

NOMENCLATURE 

Semi-major a x i s  of  comet o r b i t  

E c c e n t r i c i t y  o f  comet o r b i t  

I n c l i n a t i o n  of  comet o r b i t  

P e r i h e l i o n  d i s t a n c e  of comet o r b i t  

The communications d i s t a n c e ,  o r  d i s  t ance  between the  
Ea r th  and the  t a r g e t  a t  time of  a r r i v a l  of t h e  space- 
c r a f t  a t  t h e  t a r g e t ,  

Per iod  of  comet o r b i t  

Time of f l i g h t  f o r  a mission 

P e r i h e l i o n  d a t e  of comet 

Launch hyperbol ic  excess  speed: t h e  d i f f e r e n c e  between 
t h e  s p a c e c r a f t ' s  v e l o c i t y  i n  h e l i o c e n t r i c  coord ina te s  
a f t e r  Ear th  escape and the E a r t h ' s  v e l o c i t y  i n  i t s  o r b i t  
a t  t he  same t i m e .  

Closing v e l o c i t y  (hyperbol ic  excess  speed a t  t h e  t a r g e t ) :  
s p a c e c r a f t  t o  t a r g e t  v e l o c i t y  d i f f e r e n c e  a t  a r r i v a l  t i m e .  

I d e a l  v e l o c i t y :  t h e  t o t a l  v e l o c i t y  increment which must 
be given t o  a s p a c e c r a f t  l eav ing  Ear th :  

W 

R 

AV = 7/(36,178)2 + + 4000 f t / s e c  

Here 36,178 f t l s e c  i s  the  c h a r a c t e r i s t i c  v e l o c i t y  f o r  
E a r t h  escape,  launching from Gape Kennedy, and 4000 f t / s e c  
i s  a c o r r e c t i o n  f o r  g r a v i t a t i o n a l  and f r i c t i o n a l  l o s s e s  
dur ing  launch, 

Argument of p e r i h e l i o n  of comet o r b i t  

Longitude of t he  ascending node of comet o r b i t  
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7 .  OSCULATING ORBITAL ELEMENTS 

The o r b i t a l  elements given i n  Tables 5 ,  6 and 7 are 

r e c a l c u l a t i o n s  of  those  i n  ASC/ I ITRI  Report No. T-7 f o r  D ' A r r e s t ,  

Harrington-Abell  and T u t t l e  using more r e c e n t  s t a r t i n g  d a t a  

(Marsden 1965); t h e  changes i n  o r b i t a l  elements are n o t  l a r g e  

enough t o  a f f ec t  any of t h e  r e s u l t s  r e p o r t e d  i n  Report No. T-7. 

8. FIGURES 

Six  parameter p l o t s  are  included,  as F igures  1 t o  55, 

f o r  each a p p a r i t i o n  considered.  The s i x  parameters AV, VHP, 

Comet Br ightness ,  RC, TF and Arrival T ime  are a l l  p l o t t e d  

a g a i n s t  the launch d a t e .  For example on Figure  1, f o r  Comet 

Arend, the minimum energy launch on 4/11/82 would have 

AV = 43,000 f t / sec  

VHP = 14 km/sec 

Brightness  = 23rd magnitude 

RC = 3 AU 

TF = 300 days 

Arrival T i m e  = 105 days before p e r i h e l i o n .  

Since p e r i h e l i o n  occurs  on 5/26/83, from the magnitude p l o t  i t  

can be s e e n  t h a t  t h e  comet would be about 19 th  magnitude a t  

i n t e r c e p t .  The dashed l i n e  i s  used f o r  b r igh tness  when the 

comet i s  n o t  v i s i b l e  f o r  one hour i n  t h e  n i g h t  sky; thus  a t  

i n t e r c e p t  (100 days before  pe r ihe l ion )  the comet would no t  be 

e a s i l y  v i s i b l e .  

a p a r t  

(The d i v i s i o n s  on the a b s c i s s a  are 100 days 

I I T  R E S E A R C H  I N S T I T U T E  

1 2  



t -  
I -  
i 
I 
I 
! 
I 

I 
rl 

m -I 

H 

n 

U 
rnm 
r - m  

. "U  
P - m  

0 
OUl 
Nrl  
..-I 

r l l  
e m  
n m  
3 
a?4 .^ 
UJ .^ 
h U  
-.a, 
r l m  
Lu-. 
-.LI 
-3w 

U W  
mr-  
a,-. 
$ 4 - 3  
!4+ 

U-. - 0 3  
a 

r n m  
m h l  m h l  
$ 4 1  M I  

W m  N m  
c u  

I I T  R E S E A R C H  I N S T I T U T E  

13 



m 
O M  

m m  rl 

9 s  

I 
M W  

22 % 
m 

82 

... 
0 

m tr, 

m 
I4 

." 
0 

W 4 

II 

m . -m 
V I .  
hO 
a 11 

E 

o v  
r l d  

I l l  R E S E A R C H  I N S T I T U T E  

14 



h 
V 
U 
G 
0 

N 

m rl 
P m c-r 

- 

v 

I l l  R E S E A R C H  I N S T I T U T E  

15 



I -  
I 
I -  

Table 3 

ALPHABETICAL SUMMARY TABLE OF ALL 
COMET PERIHELIA 

Comet N a m e  Mission 
P e r i h e l i o n  Date I n t e r e s t  

Arend 
5/26/83 Low F a i n t  (Mag r-J19) poor 

recovery ,  G V N  43,000 f t l s e c  

Arend-Rigaux 
1/26/78 

111 221 84 

Ashbrook-Jackson 
8/18/78 

1/22/86 

Borr e 1 l y  
2/18/81 

Brooks 2 
111 261 80 

Comas So la  
9/26/78 

Low 

Low 

Low 

Somewhat f a i n t  (Magd lb ) ,  
l a t e  recovery ,  p o s s i b l e  
AV = 42,000 f t / s ec  f l i g h t  

Somewhat f a i n t  (Mag4 14)  , 
l a t e  recovery ,  AV N 55 , 000 
f t / s e e  

F a i n t  (Magd16) , s h o r t  
launch window, AV P-J 53 000 
f t l s ec  

Low F a i n t  (Magd16) , s h o r t  
launch window, AV PJ 45 , 000 
f t / s ec  

Low 

Low 

Somewhat f a i n t  (Magd l3 )  , 
otherwise  a reasonably 
a t t r ac t ive  a p p a r i t i o n  

Somewhat f a i n t  (Mag& 14) , 
f a i r  recovery  f o r  AV = 45,000 
f t / s e e  launch window 

Low Somewhat f a i n t  (Mag AJ 14) , 
poor recovery  f o r  launch 
window, A V N  60,000 f t l sec  
a f t e r  recovery 

I I T  R E S E A R C H  I N S T I T U T E  
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Table 3 (Cont'd) 

I 
I 

t 
I 
I 
i 

I 

I 

I 

~ 

I 

i 
1 

t 

I 

1 

I 

Comet Name  M i s  s i on  
P e r i h e l i o n  Date I n t e r e s t  Comments 

Danie 1 
7 / 7 / 7 8  Low F a i n t  (Mag r ~ 1 7 ) ,  AVr~70,000 

f t l s e c  a f t e r  recovery 

8 /2 /85  

D ' A r r e s t  
8/  18/ 76 

Low F a i n t  (Magr316), AVd70,OOO 
f t / s e c  a f t e r  recovery 

Primary A very  a t t r a c t i v e  oppor tun i ty ;  
s e e  Table 1 

10/13/82 Secondary See Table 2 

Encke 
8/16/77 Low Very poor s i g h t i n g  

12/6/80 Secondary See Table 2 

3/27/84 Secondary See Table 2 

Faye 
2 / 2 7 / 7 7  

7/9/84 

F in l ay  
6 / 2 6 / 8 1  

Forbes 
9/24/80 

Low 

Low 

Low 

Low 

P a i n t  (Mag r3 15) , AV d 50 , 000 
f t / s e c  a f t e r  recovery 

Fa in t  (Mag r-,' 15) , poor re- 
covery,  poor s i g h t i n g ,  
AV 60,000 f t / s e e  a f t e r  
recovery 

Somewhat f a i n t  (Mag& 13), 
l a te  recovery,  AV h, 55,000 
f t / s e c  a f t e r  recovery and 
r a p i d l y  i n c r e a s  fng 

F a i n t  (Magd15),  l a t e  re- 
covery,  AV+~45,000 f t / s e c  

I I T  R E S E A R C H  I N S T I T U T E  
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Table 3 (Cont'dd) 

Comet Name  Miss ion  
P e r i h e l i o n  Date I n t e r e s t  Comments 

Giacobini-Zinner 
2/11/79 Low 

9/4/85 Secondary 

479177 Secondary 
G r i  g -Sk je l l e rup  

5/13/82 Secondary 

Hal ley  
1/8/86 

Harr ington  
12/24/80 

Primary 

Low 

Har r in  ton-Abell 
4/18 $76 Low 

1/ 1/86 Low 

Honda-Mrkos-Paj dusakova 
4/15/80 Low 

5/24/85 

Johnson 
11 11 77 

11/26/83 

Low 

Somewhat f a i n t  ( M a g ~ 1 4 ) ,  
AVr-  J 60,000 f t / sec  a f t e r  
recovery and r a p i d l y  
i n c r e a s i n g  

See Table 2 

See Table 2 

See Table 2 

See Table 1 

F a i n t  ( M a g . 1 1 6 ) ~  poor re- 
covery,  LV ,' J 50,000 f t l s e e  
w i t h  l a te  a r r i v a l  

Very f a i n t  (Mag420),  ve ry  
h i g h  energy s h o t s ,  poor 
a r r i v a l  t i m e  

Very f a i n t  (Mag, . 18 ) ,  poor 
a r r i v a l  t i m e  f o r  low energy 
shots 

'Very f a i n t  (Magi-> 201, o r  
n o t  v i s i b l e  i n  n i g h t  sky 

Very f a i n t  (Mag:. 20) ,  o r  
no t  v i s i b l e  i n  n i g h t  sky 

F a i n t  (Mag 7*~15) , l a t e  a r r i v a l ,  
AV,- 45,000 f t l s e c  

F a i n t  (Mag -*15) ,  l a t e  a r r i v a l ,  
OV,- 48,000 f t / s ec  

Low 

Low 

I I T  R E S E A R C H  I N S T I T U T E  
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Table 3 (Cont 'd) 

Comet Name Mission 
P e r i h e l i o n  Date I n t e r e s t  Comments 

Kopf f 
3/14/77 Low Somewhat f a i n t  (Magr~13)  a t  

i n t e r c e p t ,  long f l i g h t s  w i t h  
d i f f i c u l t  recovery and s h o r t  
launch window 

8/18/83 Primary See Table 1 

Neujmin 1 
I 1018184 

Neujmin 3 
12/8/82 

P e r r  ine-Mrkos 
5/16/82 

Pons-Winnecke 
11/24/76 

4 /2 /83  

Reinmuth 1 
101 281 80 

Reinmuth 2 
1 /29 /81  

Low Somewhat f a i n t  (Mag-14) , a t  
p e r i h e l i o n ,  bu t  recoverable  
wi th  AV p x - j  42,000 f t / s e c  

Low 

Low 

Low 

Low 

Low 

Low 

F a i n t  (Mag--!17) , poor r e -  
covery,  s h o r t  launch window 
a f t e r  recovery 

L a t e  recovery g ives  s h o r t  
launch window; Mag-' 16 when 
v i s i b l e  i n  n i g h t  sky 

AV 70,000 f t / s e c  a f t e r  
recovery ;  Mag.- 18 when v i s i b l e  

Somewhat f a i n t  (Mag xi14) ; 
l a t e  recovery f o r c e s  
AV 60-70,000 f t / s e c  

F a i n t  (Mag416) w i t h  l a t e  - 
recovery f o r c e s  UV ,-. ; 70 , 000 
f t l s e c  

F a i n t  (Mag '15)  and i n  con- 
j u n c t i o n  a t  p e r i h e l i o n ,  f a i r  
recovery w i t h  AV - r  50,000 
f t / s e c  a f t e r  recovery 

I I T  R E S E A R C H  I N S T I T U T E  
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Table 3 (Cont 'd) 

~~ 

Comet Name Mission 
P e r i h e l i o n  Date I n t e r e s t  

Schaumasse 
9/3/76 

12/4/84 

Low Somewhat f a i n t  (Mag-Jl3) and 
i n  conjunct ion ,  AV r~ 60,000 
f t / s e c  

Schwassmann-Wachmann 2 
3/14/81 Low 

Low Reasonably b r i g h t  (Mag -12) 
a t  i n t e r c e p t ;  l a t e  recovery 
produces s h o r t  launch window, 
w i t h  AV 58,000 f t l s e c  

Tempe1 2 
2/19/78 

5/30/83 

T u t t l e  
12/13/80 

Low 

Low 

Somewhat f a i n t  (Magd14),  
recovery o.k. ,  comet, AQ-' 
45,000 ft/sec 

Tutt le-Giacobini-Kresak 
1/15/79 Low 

8/31/84 

Somewhat f a i n t  (Magw14) and 
i n  conjunct ion  wi th  t h e  Sun. 
Ab7+ 60,000 f t / s e e ,  a f t e r  
recovery 

Somewhat f a i n t  (Mag-13) , but  
O V N  60,000 f t / s e c  wi th  s h o r t  
launch window a f t e r  recovery 

Secondary See Table 2 

Va i sa l a  
8 /1 /82  

Low 

Low 

3V+65J000  f t / s e c  a f t e r  r e -  
covery,  Mag-*13 

LV-55,000 f t / s e c  a f t e r  r e -  
covery and r a p i d l y  r i s i n g ;  
poor t iming g ives  l a te  
a r r i v a l ;  Magd l7  when i n  n i g h t  
sky 

Very f a i n t  (MagrJ18) and i n  
conjunct ion  a t  p e r i h e l i o n ;  
p o s s i b l e  f a i r  recovery 

I I T  R E S E A R C H  I N S T I T U T E  
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Table 3 (Cont'd) 

Comet Name M i s  s ion  
P e r i h e l i o n  Date I n t e r e s t  Comments 

Whipple 
3/28/78 

Wirtanen 
5/26/80 

Wolf-Harrington 
3/14/78 

91 2 11 84 

Wolf 
1/25/76 

5/31/84 

Low F a i n t  (MagILI 16)  , AV = 46,000 
f t / s e c ,  good recovery 

Low F a i n t  (Magr-,:17) and i n  con- 
j u n c t i o n  a t  p e r i h e l i o n  

Low 

Low 

Low 

Low 

F a i n t  (Mag.--'15) , AV P.J 42 , 000 
f t / s e c ,  marginal  recovery 
f o r c e s  AV up 

F a i n t  (Mag4 15) , h V  PJ 70 , 000 
f t /see a f t e r  recovery 

Very f a i n t  ( M a g ~ 1 8 )  and i n  
conjunct ion  a t  p e r i h e l i o n  

Very f a i n t  (Mag+18), and 
i n  conjunct ion  a t  p e r i h e l i o n  

I I T  R E S E A R C H  I N S T I T U T E  
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Table 4 
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I 

PARAMETERS USED IN THE MAGNITUDE EQUATION 

M = Mo + A loglo r 4- 5 loglo A 

M = Magnitude A = Earth-comet distance AU 
Mo = Absolute magnitude 

of comet 
r = Comet-Sun distance AU 

A,5 = Empirical coefficients 
A = 15 unless noted otherwise 

Comet 0 
M Comet 0 

M Comet 0 
M 

Arend 

Arend-Rigaux 

Ashbrook-Jackson* 

Borrelly 

Brooks 2 

Comas Sola 

Daniel 

D'Arrest 

Encke 

Faye* 

11.5 

1 2  

11.5 

10 

10 

8.5 

11.5 

905 

11.5 

11.1 

Finlay 

Forbes 

Giacobini-Zinner 

Gr igg- Skj e llerup 

Harrington-Abell 

Halley 

Honda-Mrkos- 
Paj dusakova 

Johnson 

Kopf f 

Neujmin 3 

11.5 

11.3 

11.5 

13.4 

1 2  

4,6 

14 .1  

8 5 

8 , 5  

10 

Perrine-Mrkos 9 . 0  

Pons-Winnecke 12 ., 5 

Reinmuth 1 10.6 

Schaumasse 10 

Schwassmann- 
Wachmann 2 8,O 

Tempe1 2 10.5 

Tuttle 9eo 

Tuttle-Giacobini 
Kresak 11.7 

Whipple 4% 10.5 

Wolf- 
Harrington 10.8 

~~ 

* A in these cases equals 10. 
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